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KDSSHQRQ UXUDO URDGV WKH\ DFFRXQW IRU RYHU WZR WKLUGVRI RYHUDOO URDGGHDWKV SHRSOH LQ




DFFLGHQWV RQ UXUDO URDGV FDQ EH FODVVLILHG LQ RQH RI WKH IROORZLQJ FDWHJRULHV 5RVH\  DFFLGHQWV
LQYROYLQJ D VLQJOH YHKLFOH HJ OHDYLQJ WKH URDGZD\ RU KHDGRQ FROOLVLRQV ZLWK REVWDFOHV KHDGRQ
FROOLVLRQVFROOLVLRQVDWFURVVURDGVDQGDFFLGHQWVWKDWLQYROYHYXOQHUDEOHXVHUV%XWHYHQLIKXPDQHUURUV
DUHUHVSRQVLEOHIRURIURDGDFFLGHQWV'HZDU	2OVRQ:HJPDQWKH\DUHUHVXOWLQJIURP
DQ LQWHUDFWLRQEHWZHHQ WKHGULYHUDQG WKHH[WHUQDOFRQGLWLRQVRI WKHGULYLQJ WDVNDVKLJKOLJKWHGE\9DQ







&HUWDLQO\ WKHUH DUH GLIIHUHQW ZD\V WR WDNH SDUW LQ LPSURYLQJ URDG LQIUDVWUXFWXUHV UHJDUGLQJ WKH
GLIILFXOWLHV WKDW WKH\ FDQ FDXVH WR GULYHUV URDG LPSURYHPHQWV KRUL]RQWDOPDUNLQJV YHUWLFDOPDUNLQJV




WKHVH ORFDO DXWKRULWLHV  GHSDUWPHQWV DQGPRUH WKDQ  FRPPXQHVPDQDJHG D QHWZRUN WKDW LV
VOLJKWO\ DERYH RQH PLOOLRQ NLORPHWUHV ORQJ 5HJDUGLQJ URDGV WKHLU RSHUDWLQJ H[SHQGLWXUHV FRXOG EH
HVWLPDWHG WR  ¼NP GDWD IRU  DQG WKHLU FDSLWDO H[SHQGLWXUHV ZHUH DERXW  ELOOLRQ HXUR LQ
7KHVH FDSLWDO H[SHQGLWXUHV IRU WKH YHU\ H[WHQVLYH )UHQFK ORFDO QHWZRUN KDYH GHFUHDVHG RIPRUH
WKDQ  VLQFH  &OHPHQW HW DO  )XUWKHUPRUH LQ  WKH URDG FDSLWDO H[SHQGLWXUH SHU
NLORPHWUHE\)UHQFK ORFDODXWKRULWLHVZDVURXJKO\ WLPHVVPDOOHU WKDQ WKHRQH IRU)UHQFKPRWRUZD\V
RSHUDWHG XQGHU D FRQFHVVLRQ $QRWKHU URXJK FDOFXODWLRQ VKRZV WKDW ORFDO URDG DGPLQLVWUDWRUV KDYH 
WLPHV OHVV FDSLWDO H[SHQGLWXUH SHU NLORPHWUH WKDQ WKH )UHQFK VWDWH FHQWUDO DGPLQLVWUDWLRQV RSHUDWLQJ
PRWRUZD\V DQG VRPH QDWLRQDO URDGV 7KHUHIRUH UXUDO URDGV DGPLQLVWUDWRUV KDYH PXFK OHVV ILQDQFLDO
UHVRXUFHV WR LPSURYH DQG H[SDQG WKHLU QHWZRUN WKDQRWKHU URDG DGPLQLVWUDWRUV5HJDUGLQJ VDIHW\ WKHVH
EXGJHW FRQVWUDLQWV LPSO\ WKDW VROXWLRQVZKLFKSURYHG WREH HIILFLHQW RQQDWLRQDO RU FRQFHGHGQHWZRUNV
PD\ EH YHU\ GLIILFXOW RU LPSRVVLEOH WR LPSOHPHQW RQ UXUDO URDGV 6R GHDOLQJ ZLWK SUREOHPV RI
LQIUDVWUXFWXUHXVHULQWHUDFWLRQVE\VLJQLILFDQWLPSURYHPHQWVRIWKHLQIUDVWUXFWXUHZDVDQGLVVWLOOFRPLQJ
XSDJDLQVWDQHFRQRPLFVLWXDWLRQWKDWFDQQRWKDQGOHWKHZKROHFRQFHUQHGQHWZRUN
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$IHZZRUGVDERXW6$5,SURMHFW
)URPWRWKH6$5,SURMHFWDXWRPDWLFPDQDJHPHQWRIURDGVWDWXVWRLQIRUPXVHUVDQGURDG

























YHKLFOHV FRQGLWLRQHG E\ WKH GLIILFXOWLHV RI WKH URDG  WR GHILQH WKH PHDQV RI LGHQWLILFDWLRQ DQG
FKDUDFWHUL]DWLRQRIWKHVHGLIILFXOWLHVREVHUYDWRULHVRIWUDMHFWRULHVYHKLFOHVDQGPHWKRGVRIGLDJQRVLV
WR SURYLGH QHZ LQIRUPLQJ RU JXLGLQJ V\VWHPV LQ RUGHU WR DOHUW WKH GULYHU RI WKH GDQJHURXVQHVV RI KLV
GULYLQJVLWXDWLRQ7KHHIILFLHQF\RILQIRUPDWLRQDQGJXLGDQFHV\VWHPVZDVDVVHVVHGE\LQVLWXH[SHULPHQWV
WKURXJK D SDUWQHUVKLS EHWZHHQ SXEOLF DQG SULYDWH UHVHDUFK RUJDQL]DWLRQV WZHQW\VL[ ODERUDWRULHV DQG
WHFKQLFDO FHQWUHV HOHYHQ FRPSDQLHV DQG WKUHH ORFDO DXWKRULWLHV JHQHUDO FRXQFLOV RI &{WHV G
$UPRU




ZRUNSDFNDJH 7KLV SHFXOLDU DSSURDFK FRPELQHV WHFKQLFDO WKHPHV DQG $-,6(¶V WKHPHV VWDQGLQJ DW WKH
FURVVURDGV EHWZHHQ VRFLDO VFLHQFHV OHJDO DVSHFWV DQG HFRQRP\ WR SURGXFH DQ LQQRYDWLYH VROXWLRQ
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7KH GLIILFXOWLHV RI GULYLQJ DVVRFLDWHG ZLWK FXUYHV KDYH EHHQ LGHQWLILHG IRU VHYHUDO \HDUV %UHQDF
0DJQLQ0LFKHO1DXGH	3HUULQ0LFKHO%UHQDF0DJQLQ1DXGH	3HUULQ2UILOD
6pWUD  SUREOHPV GXH WR WKH JHRPHWULF FKDUDFWHULVWLFV RI WKH FXUYH UDGLXV RI FXUYDWXUH EDQNLQJ




D GDQJHURXV FXUYH 7KH REMHFWLYH RI 6$5,5$'$55 ZDV WR RIIHU ERWK D GLDJQRVWLF PHWKRG DQG D
VROXWLRQWRWKHSUREOHP
5HDVRQLQJ










DERXWD ULVNRI ODQHGHSDUWXUHIRUDJLYHQVSHHG7KH LGHDZDV WRZDUQ WKHXVHURIDSRWHQWLDOGDQJHU LQ
IXQFWLRQ RI KLV DSSURDFK VSHHG IRU WKH FXUYH ZDUQLQJ DSSOLHV RQO\ WR LQGLYLGXDO XVHUV IRU ZKLFK WKH
DSSURDFKVSHHGLVWRRKLJK*HQHUDWLQJDQLQGLYLGXDODOHUWUHVXOWVIURPWKHNQRZOHGJHRIWKHVSHHGSURILOH
UHTXLUHGWRVDIHO\FOHDUDWXUQIRUDJLYHQDSSURDFKVSHHG,WLVEDVHGRQPHDVXULQJWKHDSSURDFKVSHHGIDU
HQRXJK EHIRUH WKH WXUQ IRU WKH GULYHU WR UHDFW RQ WLPH )URP SUHYLRXV ZRUN RI WKH&(7(1RUPDQGLH
&HQWUH &(7(1RUPDQGLH&HQWUH  IRU WKH VHOHFWHG WXUQ WKH DSSURDFK DUHD LV HVWLPDWHG DW P
JLYHQWKDW WKHXVHUV¶GHFHOHUDWLRQLQWKLVDUHD LVJHQHUDOO\ ORZRUYHU\ORZ:LWKPRGHOVWKDW OLQNVSHHG
DQGJHRPHWULFFKDUDFWHULVWLFVRIWXUQV/RXDK0HQDFHU'XSUp	9LROHWWH6pWUDWKH³VDIH´
VSHHG WR FOHDU WKH WXUQ LV HVWLPDWHG DW NPK 7KLV YDOXH LV FRQILUPHG E\ SDVVDJHV GRQH ZLWK WKH










EDVHGRQDQDQDO\VLVRI WKH OLWHUDWXUHRQ WKHFRPSOHPHQWDULW\ZLWKRWKHU6$5,H[SHULPHQWVDQGRQ WKH
RSHUDWLRQDOIHDVLELOLW\7KXVWKHOLWHUDWXUHVKRZVWKDWURDGVLJQVDUHVHOGRPRUQRWDWDOOSHUFHLYHGDWOHDVW
FRQVFLRXVO\'URU\	6KLQDU+XJKHV	&ROH6KLQDU	'URU\6SUHQJHU6FKQHLGHU
	'HUNXP  7KLV KDV OHG VRPH DXWKRUV WR TXHVWLRQ WKH HIILFLHQF\ RI URDG VLJQV )LVFKHU 
.QRZOHV	7D\0DFGRQDOG	+RIIPDQQ+RZHYHURQHFDQQRWH WKDWDPRQJ WKHGULYHUV
XQDEOH WR UHPHPEHU WKH VLJQV WKDW WKH\KDYH IDFHGGXULQJDGULYLQJ WDVN IURPXS WRRI WKHP
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
FDUU\ RXW D SURSHU DGMXVWPHQW FRQWURO RI WKH YHKLFOH SDVVLQJ WKH URDG VLJQ )LVFKHU 5RDG VLJQV
FRXOGEHXVHGDVLPSOLFLWLQGLFDWLRQVIRUQRQFRQVFLRXVUHVSRQVHVIRUDXWRPDWLFFRQWURORIWKHYHKLFOHVHH
&UXQGDOO	8QGHUZRRG2WKHUDXWKRUVSRLQWRXWWKHEDFNJURXQGLQIOXHQFHLQWDNLQJWKHVLJQVLQWR
DFFRXQW %D]LUH%Up]LOORQ&DPERQGH/DYDOHWWH	7LMXV 0F.HOYLH  DQG WKHZD\SHRSOH
SHUFHLYHWKHULVNDVDGHFLVLRQFULWHULRQWKHRU\RIULVNKRPHRVWDVLV:LOGH+RZHYHUIL[HGVLJQV
E\LQIRUPLQJRIGDQJHULQDOOFLUFXPVWDQFHVDQGIRUDQ\XVHUUHJDUGOHVVRIWKHLUGULYLQJEHKDYLRXUUHIHU
PRUH WR D FRPSXOVRU\ OHJDO UXOH WKDQ WR D GHFLVLRQ VXSSRUW &RQVLGHULQJ DOO WKHVH IDFWRUV G\QDPLF
VLJQDOOLQJ DSSHDUV WR EH D ZD\ WR DOHUW WKH XVHU DQG PDNH KLP SDVV IURP DQ DXWRPDWLF GULYLQJ WR D
FRQWUROOHGRQH5DQQH\2QWKHRWKHUKDQGLWDOVRJLYHVPRUHLQIRUPDWLRQWRXVHUVDERXWDUHDOULVN
WKDQGR WKH IL[HG VLJQV$PRQJ WKH DYDLODEOH VROXWLRQV IRU G\QDPLF VLJQDO KRUL]RQWDO URDGPDUNLQJE\
OLJKWLQJVWXGVZDVUHMHFWHGIRUUHDVRQVRIRSHUDWLRQDOIHDVLELOLW\$VYHUWLFDOG\QDPLFURDGVLJQVKDGEHHQ
WHVWHG LQ DQRWKHU WRSLF WKH IODVKLQJ OLJKWV ZHUH FKRVHQ 7KLV VROXWLRQ KDV VHYHUDO DGYDQWDJHV LW LV
DXWKRUL]HG E\ UHJXODWLRQV LW HQKDQFHV WKH FODULW\ RI WXUQV LW LV VLPSOH ORZ FRVW DQG LW FDQ HDVLO\ EH







7KH LPSOHPHQWDWLRQ RI WKLV GHYLFH ZDV IROORZHG E\ WKH ZRUN RI WKH $-,6( ZRUNSDFNDJH 7KH
DFFHSWDELOLW\ IURP WKH SRLQW RI YLHZ RI URDG XVHUV ZDV DVVHVVHG WKURXJK WZR W\SHV RI DFFHSWDELOLW\
LQGLYLGXDODFFHSWDELOLW\RUSUDFWLFHDQGVRFLDODFFHSWDELOLW\1LHOVHQ7KHLQGLYLGXDODFFHSWDELOLW\
DVVHVVHVWKHSHUFHSWLRQDQGDVVLPLODWLRQRIPHVVDJHVSURYLGHGE\DQLQIUDVWUXFWXUHLQDQHUJRQRPLFZD\
UHDGDELOLW\ SURSHU SRVLWLRQLQJ LQ VSDFH DQG WLPH IURP WKH GDQJHURXV SRLQW 6RFLDO DFFHSWDELOLW\ LV
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VLJQLILFDQW UHGXFWLRQ LQ VSHHGV RQ WKH VWXGLHG DUHD FRPSDUHG ZLWK WKH UHIHUHQFH SKDVH 7 7KH
LQGLYLGXDO DOHUW SKDVH 7 VKRZHG D VLJQLILFDQW GHFUHDVH LQ DSSURDFK VSHHG DQG VSHHG LQ WKH WXUQ
FRPSDUHGZLWKWKHVLWXDWLRQ7IRUWKHURDGXVHUVWKDWZHUHDFWXDOO\ZDUQHGE\WKHIODVKLQJOLJKWV7KLV
FRPSDULVRQZDVEDVHGRQWKHSRSXODWLRQRIXVHUVZKRZRXOGKDYHEHHQZDUQHGLQWKH7SKDVHDSSURDFK
VSHHG H[FHHGV  NPK DQG LQ WKLV FDVH LW ZDV REVHUYHG DQ DYHUDJH VSHHG GHFUHDVH RI XS WR  NPK
GHSHQGLQJRQWKHWUDIILFIORZ7KLVUHVXOWVKRZVWKDWWKHHQKDQFHPHQWRIURDGVVLJQVZLWKZDUQLQJOLJKWV
KDV D UHDO HIIHFW+RZHYHU WKH URDGVLGH VXUYH\KLJKOLJKWHG D ODFNRI XQGHUVWDQGLQJRI KRZ WKHGHYLFH
ZRUNVOHVVWKDQRILQGLYLGXDOVVXUYH\HGVDLGWKDWWKH\KDGXQGHUVWRRGWKDWWKHZDUQLQJOLJKWVZHUHRQ
GXH WR WKHLU RZQ VSHHG7KLV UHVXOW OHG WKHZRUNJURXS WR WHVW D GLVSOD\ SDQHO 7 VHH )LJXUH 7
UHVXOWVVKRZWKDWRIXVHUVDVVRFLDWHWKHRXWEUHDNRIZDUQLQJOLJKWVZLWKWKHLURZQVSHHGDQGLWDOVR
VKRZDGHFUHDVHLQDYHUDJHVSHHGRINPK2QWKHRQHKDQGWKHVHUHVXOWVYDOLGDWHWKHHIILFLHQF\RID
G\QDPLFVLJQYHUVXVDIL[HGVLJQDQGRQWKHRWKHUKDQGLWVXSSRUWVWKHK\SRWKHVLV WKDW LW LVUHOHYDQWWR
FRQVLGHUWKHXVHUKLVLQGLYLGXDODQGVRFLDOFRPSRQHQWVWRFUHDWHDGHYLFHWKDWLVDFFHSWDEOHDQGDFFHSWHG
E\KLP
,Q WHUPV RI VDIHW\ EDVHG RQ1LOVVRQ¶VPRGHO   WKH VSHHG GHFUHDVHV DVVRFLDWHGZLWK WKH
LPSOHPHQWDWLRQRIWKH5$'$55GHYLFHDOORZDVLJQLILFDQWJDLQ'HUHJQDXFRXUW	'URXRW7KXV
WKHSUREDELOLW\RIEHLQJLQYROYHGSHUNPLQDQLQMXU\DFFLGHQWLVUHGXFHGE\LQDVHULRXVRUIDWDO
DFFLGHQW E\  DQG LQ D IDWDO DFFLGHQW E\  6LPLODUO\ WKH SUREDELOLW\ RI EHLQJ VOLJKWO\ LQMXUHG
KRVSLWDOL]HGOHVVWKDQKRXUVGHFUHDVHVE\


















0RUHRYHU WKHVH VROXWLRQV KDYH LQYHVWPHQW FRVWV WKDW DUH FRQVLVWHQW ZLWK WKH UHVRXUFHV RI D ORFDO
DXWKRULW\ ,QGHHG YDULRXV UDWLRV EHQHILWFRVW ZHUH FDOFXODWHG IRU WKH V\VWHPV GHYHORSHG E\ WHFKQLFDO
ZRUNSDFNDJHV)RU WKHV\VWHP5$'$55 WKLV UDWLR LVDERXWIRUDVLQJOHXQLWDQGIRUDXVH LQ
VHULHV7KLVLVWKHKLJKHVWUDWLRRIDOO6$5,¶VGHYLFHVPHDQLQJWKDWWKLVGHYLFHKDVWKHORZHVWFRVW
2QHDGGLWLRQDOEHQHILWIURPWKHSURSRVHGDSSURDFKLVWKDWLWJDWKHUVWKHUHVRXUFHVIRUFKRRVLQJDUHDVWR
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5XPDU.7KHUROHRISHUFHSWXDODQGFRJQLWLYHILOWHUVLQREVHUYHGEHKDYLRU,Q/(YDQV	5&6FKZLQJ(GV+XPDQ
%HKDYLRUDQG7UDIILF6DIHW\SS1HZ<RUN3OHQXP3UHVV

6DDG)3ULVHGHULVTXHRXQRQSHUFHSWLRQGXGDQJHU5HFKHUFKH7UDQVSRUWV6pFXULWp

6DDG),QGHSWKDQDO\VLVRILQWHUDFWLRQVEHWZHHQGULYHUVDQGWKHURDGHQYLURQPHQW&RQWULEXWLRQRIRQERDUGREVHUYDWLRQV
DQGVXEVHTXHQWYHUEDOUHSRUW,Q,QWHUQDWLRQDOFRRSHUDWLRQRQWKHRULHVDQGFRQFHSWVLQWUDIILFVDIHW\3URFHHGLQJVRIWKHWK
:RUNVKRSRI,&7&7LQ9LHQQD1RYHPEHU/XQG8QLYHUVLW\RI/XQG

6pWUD9LWHVVHVSUDWLTXpHVHWJpRPpWULHGHODURXWH1RWHG¶LQIRUPDWLRQ&LUFXODWLRQ6pFXULWpeTXLSHPHQW([SORLWDWLRQQ
%DJQHX[6pWUD

6pWUD$PpOLRUDWLRQGHODVpFXULWpGHVYLUDJHVGHVURXWHVSULQFLSDOHVHQUDVHFDPSDJQH%DJQHX[6pWUD

6pWUD)DFWHXUVG
DFFLGHQWVOLpVjO
LQIUDVWUXFWXUH/HVHQMHX[HWOHVIDFWHXUVG
DFFLGHQWVSULQFLSDX[VXUURXWHLQWHUXUEDLQH
%DJQHX[6pWUD

6KLQDU'	'URU\$6LJQUHJLVWUDWLRQLQGD\WLPHDQGQLJKWWLPHGULYLQJ+XPDQ)DFWRUV±

6SUHQJHU$6FKQHLGHU:	'HUNXP+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